The red-breasted flycatcher Ficedula parva is a small passerine bird that breeds in Eastern Europe and across central Asia and winters on the Indian subcontinent. Birds from the western extreme of the breeding range migrating to and from the wintering grounds utilise a large longitudinal component en route that is not typical of the majority of European passerines. Therefore, it is one of the lesser-known species in Europe with respect to migration and biometrics. The aim of this study is to describe the numbers, phenology and biometry of the red-breasted flycatcher in relation to age, sex and migration season at a stopover site in northern Turkey. The number of individuals ringed in autumn was six times higher than in the spring passage. Furthermore, the period of the spring passage was shorter than in autumn, and in spring males migrate six days earlier than females and juveniles; no such differences were found in autumn. Moreover, migrants carried more fuel reserves in spring than in autumn and no differences were recorded in the length of stopover duration. The study underlines the importance of further research into passerine migration across Turkey to better understand the whole migratory system of movements of the Palaearctic migratory passerine populations [Current Zoology 61 (3): 412-420, 2015].
Many species of birds cover thousands of kilometres during migration between breeding and wintering sites (Newton, 2008) . On the way, they meet different geographical barriers such as seas, oceans, mountains and deserts. This is a period of exceptional energy demand and birds have to stop during a journey in areas ensuring the possibility of replenishment of their energy reserves. Long-distance migrants are forced to store substantial energy supplies prior to departure with most of this energy derived from fat reserves accumulated before a flight (Moore and Kerlinger, 1987; Alerstam, 1990) . The particular strategy of fuel load accumulation adopted depends on the species, and is modulated according to weather conditions aloft at the time, existing energy stores, the availability of stopover sites, and the suitability (food availability, competitors) at stopover sites (Jenni-Eiermann et al., 2011) .
Optimal departure fuel loads are just enough to reach the next site if the environment is deterministic and are simply set by the energetic cost of covering the distance (Weber et al., 1998) . Fuelling during a stopover is a demanding and slow process (Schmaljohann et al., 2013) . Therefore, only good quality stopover sites with suitable habitats allow the accumulation of the required energy indispensable to cover long distances. They are very important for migratory birds especially just before or after crossing a geographical barrier (Newton, 2008; Zduniak and Yosef, 2012; Zduniak et al., 2013) .
Turkey is located on the eastern migratory flyway of the Western Palaearctic running longitudinally for Palaearctic-African migrants and latitudinally for Palaearctic-Indian migrants (Barış, 1989; Kirwan et al., 2008) . Turkey is of great importance for large numbers of soaring birds converge at three bottleneck areas (Shirihai et al., 2000 ① ; Zalles and Bildstein, 2000) and for migrating and wintering waterbirds because of its lakes and marshes used by the migrating birds as feeding and resting places (Barış, 1989; Lise and Akarsu, 2007 ② ; Kirwan et al., 2008) . However, the migration of passerines across Turkey and the importance of the region as a stopover site for this group of birds is still practically unknown. There are only a few studies on migration of passerines at the species level (Keşapli Can and Bilgin, 2005; Keşapli Didrickson et al., 2007; Erciyas et al., 2010) . Therefore, a better understanding of migration routes going across Turkey is of great importance and is necessary to fully understand the intercontinental movements of Eurasian migratory passerine populations. Compared to Western Europe, data from this area of Eurasia are very limited, and it is given that phonological changes are entirely different from other regions. Thus, this makes the studies from this area very important if we want to have a more general geographical understanding (Askeyev et al., 2007; Askeyev et al., 2010) .
The red-breasted flycatcher Ficedula parva is a common migrant throughout Turkey, mostly in the northern half of the country (Roselaar, 1995; Kirwan et al., 2008) . It breeds in Eastern Europe, and eastwards to the Ural Mountains, Caucasus Mountains, northern Iran, the western Himalayas and Asia and winters on the Indian subcontinent (Cramp and Perrins, 1993; Taylor, 2006) . Birds that migrate across Turkey breed mostly on the western extreme of the species breeding range. Therefore, their migration route contains a large longitudinal component and does not involve an equatorial crossing (Mitrus et al., 2005) . Untypical route of migration and the central and eastern distribution in Europe make the migration of the species little-known especially compared to other passerines breeding in Western Europe. This is connected to the number of ringing stations and research activity, which is much higher in Western than in Eastern Europe and areas located more to the east.
Even in the relatively large territory of Turkey, only two bird ringing stations operate regularly, and they only began their activities in the first decade of the 21 st century. Therefore, studies of the migration of the redbreasted flycatcher are very skimpy (e. g., Chernetsov et al., 2007; Dimaki and Alivizatos, 2011) and information is mostly limited to the time and number of birds recorded in different places (e. g., Bolshakov et al., 1998; Hassab et al., 2004; Bulyuk and Chernetsov, 2005; Keşapli Can and Bilgin, 2005; Handrinos and Akriotis, 1997; Hilgerloh and Raddatz, 2009; Ion, 2009) .
The red-breasted flycatcher is one of the lesser-known species in Europe with respect to migration and biometrics (Dimaki and Alivizatos, 2011) , characterised by untypical latitudinal migration routes between breeding and wintering areas, rare for western Palaearctic bird species. The aim of this study is to describe the numbers, phenology and biometry of the red-breasted flycatcher in relation to age, sex and migration season at a stopover site in northern Turkey.
Material and Methods

Study area
The study was carried out in the Kizilirmak delta, the largest and most intact wetland on the Black Sea coast stretching from 41°30′N to 41°45′N and from 35°43′E to 36°08′E. The delta is one of the biggest wetlands in Turkey and is a relatively important area for breeding, migratory and wintering birds as it forms the last/first stopover site before/after birds cross the Black Sea (Hustings and Dijk, 1994; Barış et al., 2005; Barış et al., 2010; Erciyas et al., 2010) . The delta is located at an altitude between 0 to 15 m above sea level and its total surface area is about 56,000 ha. In 1998, 21,700 ha were declared a Ramsar site. While 70% of the delta is intensively used by people, the remainder is a natural habitat including diverse habitats such as open water, freshwater and semi saline lakes, marsh vegetation, sand dunes, woodland, and farmland (Dijksen and Kasparek, 1985; Hustings and Dijk, 1994 ③ ). The Cernek Ringing Station is located on the shore of Cernek Lake and is run by the Ornithological Research Centre of the Ondokuz Mayis University (Bariş et al., 2005) .
Catching and ringing
All birds were trapped with 7 and 12 meter long mist-nets open for 24 hours. The same number of nets was placed in the same locations each year of the study period. Birds were ringed with standard aluminium rings and biometric parameters were measured. Birds were aged and sexed in both autumn and spring based on plumage characteristics (Svensson, 2006) . We classified the birds into three age-sex classes during the spring (April-May) and autumn (late August-October) migration: (1) juveniles -birds on their first migration in autumn and second-year birds in spring (EURING codes 3 and 5, respectively), (2) adult males and (3) adult females (code 4 in autumn and 6 in spring). Flattened maximum wing chord and tail length were measured to the nearest millimeter. Body mass was determined with a digital scale to the nearest 0.1 g. Assessment of the fat score was done according to Busse's (2000) ④ 9 score scale modified from Kaiser (1993).
Data processing and analysis
For the general description of bird numbers and phenology of migration, we used all data collected during 11 springs and 11 autumn migration seasons in the years 2002-2012. However, for further analysis we included all data from autumn seasons (n = 11) and spring seasons, when at least 10 individuals were recorded (n = 9, years 2002 and 2012 were excluded). Only individuals ascribed to one of the age and sex classes were included in the in-depth analysis. Biometric data were not available for several individuals, resulting in a small variation in sample sizes for the various analyses.
We compared the overall number of birds, the age ratio and the sex ratio of adult birds between spring and autumn passages, where values obtained in each year were treated as "matched pairs" and tested using the Wilcoxon matched-pairs test. Furthermore, using the Factorial ANOVA, we analysed the influence of a bird's sex and age on the time of passage (expressed in Julian dates) and biometric variables like wing length, tail length, body mass and fat score in both migration seasons, simultaneously controlling for the year effect. Moreover, we checked the possible differences between migration seasons in all biometric parameters controlling the effects of sex, age and year using the Main Effects ANOVA. While the numbers of analysed spring and autumn seasons were different, such an analytical approach allowed us to check all the possible differences both within and between passage seasons. All these analyses were performed using only data from the first catch of birds ringed at the station.
In addition, we analysed data about retraps -individuals recaptured at least one day after first capture in a particular migration season. The minimal length of stopover time was calculated from the day of the first to last catch in a particular migration season. Because of the small sample size, in these analyses we did not control the age, sex and year effects. The obtained values for each year in both migration seasons were treated as "matched pairs" and tested using Mann-Whitney U test.
We applied standard statistical methods to describe and analyse the data (Zar, 1999) . Calculations were performed using STATISTICA for Windows (StatSoft, Inc. 2011) . Throughout the text, mean values are presented with 95% confidence limits (95% CL).
Results
Number caught, age and sex ratio
During 11 springs and 11 autumns, a total of 2,258 red-breasted flycatchers were trapped. The number of birds recorded in spring (n = 309, mean per season = 28.09, 95% CL: 7.60-48.58, range: 2-112) was much lower than in autumn (n = 1,949; mean per season = 177.18, 95% CL: 136.03-218.33, range: 87-256; Wilcoxon matched-pairs test, Z = 2.84, n = 11, P = 0.004).
Of 2,258 red-breasted flycatchers, 2,251 (99.7%) were classified into two age classes. Of 309 birds aged in spring, 155 (50.2%) were juveniles and 154 (49.8%) were adults. In autumn, of 1,942 individuals to which ages were assigned, 1,504 (77.4%) were juveniles and 438 (22.6%) were adults. The mean seasonal proportion of juveniles to all birds differed between spring and autumn passages (Mann-Whitney U test, Z = 3.72, P < 0.001) and was 49.0% (95% CL 40.0-58.0, n = 9) in spring and 77.2% (95% CL: 73.8-80.6, n = 11) in autumn.
Furthermore, 89 (57.8%) adults in spring were males and 65 (42.2%) females. In autumn, 182 (43.0%) adults were males and 241 (57%) females. The mean seasonal proportion of males to females differed between spring and autumn passages (Mann-Whitney U test, Z = 2.31, P = 0.020) and was 55.4% (95% CL 38.4-72.4, n = 7) in spring and 42.8% (95% CL: 38.1-47.6, n = 11) in autumn.
Phenology of migration
In spring red-breasted flycatchers were recorded from the second decade of April to the end of May. The number of birds ringed peaked in the first two decades of May (Fig. 1A) . In autumn, birds were observed from the second decade of August to the end of October. The largest numbers of birds were noted at the turn of September and October (Fig. 1B) . In spring, males were ringed significantly earlier than females and juvenile birds (Factorial ANOVA, F 2, 256 = 21.28, P < 0.001; Fig 
Biometry in relation to age, sex and migration season
We found differences in wing and tail length between birds from different sex-age classes both in spring (Factorial ANOVA, wing: F 2,255 =18.31, P < 0.001; tail: F 2,253 = 14.32, P < 0.001) and autumn seasons (wing: F 2,1881 = 113.70, P < 0.001, tail: F 2,1875 = 35.31, P < 0.001). In all cases adult males had longer wings and tails than adult females and juvenile birds (Fig. 3A, B) . Moreover, no differences in body mass were recorded in spring (Factorial ANOVA, F 2,254 = 1.46, P = 0.233; Fig. 3C ) whereas in autumn differences were found (F 2,1885 = 7.90, P < 0.001). Adult males were heavier than adult females and juveniles (HSD Tukey test, in both cases P < 0.001), and juveniles were significantly heavier than adult females (P = 0.041; Fig.  3D ). Analysis of fat score did not show any differences among sex-age classes both in spring (Factorial ANOVA, F 2,256 = 0.39, P = 0.675; Fig. 3E ) and autumn seasons (F 2,1889 = 0.71, P = 0.492; Fig. 3F ).
Comparisons between migration seasons showed no difference in wing length (Main Effects ANOVA, F 1,2176 = 2.04, P = 0.153), statistical differences in tail length (F 1,2168 = 7.16, P = 0.007; spring: x = 51.93 mm, 95% CL: 51.63-52.22, n = 274; autumn: x = 52.37, 95% CL: 52.22-52.51, n = 1908) and much more significant differences in body mass (F 1,2179 = 183.99, P < 0.001; spring: x = 10.28 g , 95% CL: 10.18-10.39, n = 275; autumn: x = 9.46 g, 95% CL: 9.41-9.52, n = 1918) and fat score (F 1,2185 = 24.87, P < 0.001; spring: x = 1.98, 95% CL: 1.84-2.11, n = 277; autumn: x = 1.60, 95% CL: 1.54-1.67, n = 1922).
Retraps
Overall, 13 (4.21%) red-breasted flycatchers were retrapped in spring and 48 (2.46%) in autumn season. The seasonal proportion of retrapped birds per year did not differ between spring and autumn passages (Wilcoxon matched-pairs test, Z = 0.71, n = 11, P = 0.477) and was 3.04% (95% CL: 0.62-5.45, n = 11) in spring and 2.21% (95% CL: 0.78-3.64, n =11) in autumn.
In autumn, individuals that were retrapped later were lighter and had less fat than those recorded only once (Main Effects ANOVA, body mass: F 1,1904 = 11.67, P < 0.001; captured once: x = 10.08, 95% CL: 9.99-10.18, n = 1867; recaptured: x = 9.76, 95% CL: 9.55-9.97, n = 46; fat score: F 1,1908 = 20.32, P < 0.001, captured once: x = 1.61, 95% CL: 1.54-1.68, n = 1867; recaptured: x = 0.92, 95% CL: 0.62-1.22, n = 46). No differences between individuals caught only once and more than once were recorded in spring (Main Effects ANOVA, body mass: F 1,290 = 0.001, P = 0.971; fat score: F 1,292 = 0.12, P = 0.724).
The minimal time of stopover did not differ between seasons (Mann-Whitney U test, Z = -0.97, P = 0.333) and was 1.46 days in spring (95% CL: 0.99-1.93, n = 13) and 2.41 days (1.64-3.18, n = 48) in autumn. In both migration seasons no significant increase of body mass and fat reserves during a stopover was observed (Wilcoxon matched-pairs test, in all cases P > 0.172). Also, no significant differences in changes in body mass and fat score during a stay at the stopover site between migration seasons were recorded (body mass: MannWhitney U test, Z = 0.88, P = 0.370; spring: x = 0.18 g, 95% CL: -0.23-0.60, n = 13; autumn: x = 0.03 g, 95% CL: -0.20-0.13, n = 48; fat score: Z = -0.58, P = 0.564; spring: x = 0.00 , 95% CL: -0.49-0.49, n = 13; autumn: x = 0.19 , 95% CL: -0.13-0.52, n = 48 ).
3 Discussion Mitrus et al. (2005) and Dimaki and Alivizatos (2011) suggested that the red-breasted flycatchers from central Europe were passing through the Balkans to Turkey and finishing their migration on the Indian subcontinent. Therefore, the six times higher number of migrants recorded in autumn could just be an effect of species reproduction during spring. This explanation is supported by the juvenile-skewed age ratio recorded during autumn while no such differences were found in spring migration. Furthermore, in spring, migrants cover the distance between the wintering and breeding grounds much faster than in autumn (Fransson, 1995; Newton, 2008; Tottrup et al., 2012; Nilsson et al., 2013) . This can result in lower numbers of birds recorded on studied stopovers (a big part of the population may overfly the region) or shorter stays on stopover sites in spring compared to autumn -the shorter the stay at the stopover site the lower the probability of being caught. The differences in numbers of red-breasted flycatchers on migration were also recorded in Greece, where the species were mostly recorded in autumn, when almost all the individuals were juveniles (Dimaki and Alivizatos, 2011) . It is also possible that the studied population crosses the Black Sea on the way between breeding and wintering areas. This is because the Kizilirmak delta is the first suitable stopover area after crossing the Black Sea in autumn, when migratory birds are forced to stop over in the delta after the uninterrupted flight. However, in spring they may make the last stopovers further to the south allowing them to overfly the region on their way north to breeding grounds, which finally results in big disparity in numbers between migration seasons.
The red-breasted flycatcher begins its spring migration from winter quarters in mid-March, peaks in April and continues into May (Taylor, 2006) . It arrives in northwest Slovakia between 17 April and 12 May (Kornan, 2004) . The first individuals usually arrive in Eastern Poland between the end of April and the beginning of May (Mitrus et al., 2005) . In Greece, the redbreasted flycatchers on spring migration are mainly observed from mid-April to mid-May (Dimaki and Alivizatos, 2011) . In the Kizilirmak delta, the species is recorded from the second decade of April to the end of May, which is partly consistent with Taylor (2006) , who describes the birds arriving in Turkey from mid-April to early May.
The post-nuptial migration from Europe starts in late July, is most intensive from August to mid-September and continues into early November. Main passage through Afghanistan takes place in October. Migrants arrive in winter quarters mainly between September and October (Taylor, 2006) . Capture data indicate a regular passage of red-breasted flycatchers through Antikythira from early September to mid-October, which peaked between 19 September and 4 October (Dimaki and Alivizatos, 2011) . In Dzhanybek, in Russia, 90% were trapped before 24 September and passage remained intensive between 22 August and 6 October (Chernetsov et al., 2007) . Kirwan et al. (2008) reported that in Turkey the autumn passage usually commences in August and peaks between mid-September and early October. In this study, it is shown that birds were recorded from the second decade of August to the end of October, but the peak of passage was observed at the turn of September and October. The arrival dates of migrant passerines are affected by local temperatures in breeding and wintering grounds as well as by the temperature along the whole migration route (Kanuscak et al., 2004; Askeyev et al., 2007; Askeyev et al., 2010,) . In future, a long term analysis would be interesting to evaluate the first arrival dates in terms of the temperatures in breeding and wintering areas and along the migration route. In spring, males were recorded on average 6 days earlier than females and juveniles, while there was no difference in autumn. The results indicate that in spring males adapt a time-minimising strategy in order to get to the breeding grounds before the females, which is typical of many other species whose migration (e. g., Møller, 1994; Yong et al., 1998; Rubolini et al., 2004; Smith and Moore, 2005; Delingat et al., 2006; Markovets et al., 2008) and breeding sites have been studied (e. g., Potti, 1998; Morbey and Ydenberg, 2001; Forstmeier, 2002; Mitrus et al., 2005; Ion, 2009; Matyjasiak et al., 2013) . The adult red-breasted flycatcher males arrive in the primeval Białowieża Forest on average 5 days earlier than young males and are more likely to pair with inexperienced individuals (Mitrus, 2006) . Arrival time and age of males also influence the first egg date in their mates (Mitrus, 2007) . The age related differences in arrival date to breeding grounds can also be explained by differences in biometry. This study indicates that adult males have longer wings than females and young birds. Lundberg and Alatalo (1992) specified that younger birds may arrive later because they have shorter wings, and this was confirmed in the case of the redbreasted flycatcher by Mitrus (2006 Mitrus ( , 2007 . Adult males also have longer tails compared to adult females and young birds, which indicates general differences in the size between individuals from different age and sex classes. The lack of differences in body mass between individuals from all age/sex classes in spring and significant differences recorded in the autumn passage seems only to be an effect of the big differences in sample size between analysed seasons and should not be considered as real differences in fuel loads among age/sex classes in both passage seasons. This assumption is supported by the lack of differences in fat store between sex/age classes in both seasons. On the other hand, differences in body mass as well as fat store were found between the spring and autumn seasons. In both cases, the values obtained in spring were higher than in autumn. This could be the result of above mentioned differences in speed between pre-and post-nuptial migration. During post-nuptial migration birds can forage more often and therefore may carry smaller fuel loads in contrast to the faster and thereby more energy-intensive pre-nuptial migration, when migrants overcome the longer stages en route without stopping (Lindström and Alerstam, 1992; Newton, 2008; Bairlein and Schaub, 2009) . Furthermore, the differences could also be related to the location of the Kizilirmak delta. As mentioned above, for the studied flycatcher the delta is the first suitable stopover area after crossing the Black Sea during the autumn migration. Therefore, migrants present lower fuel reserves in that season than in spring. A larger amount of fuel during the spring migration might also be important, especially for females arriving at the breeding grounds with suitable fuel reserves left for reproduction (Sandberg and Moore, 1996; Smith and Moore, 2003) .
The majority of red-breasted flycatchers were captured only once. Only 4.2% were retrapped in spring and 2.5% in autumn and these differences are not significant. Furthermore, the minimal time of stopover did not differ between seasons (1.5 days vs 2.4 days) and no significant gain of body mass and fat load during a stay at stopover in both seasons was observed. All these results indicate a lack of difference in the staging patterns of red-breasted flycatchers in the Kizilirmak delta between migration seasons. Birds that were recaptured in autumn were significantly lighter and were characterised by lower fat stores than individuals captured only once, and no such differences were found in spring. This finding corresponds with the generally lower fuel load of birds recorded in autumn compared to spring. However, in the light of the very low proportion of recaptured birds in autumn, this would indicate that only a small fraction of individuals were almost totally depleted of energy resources and were forced to stay at the stopover for a longer time. Since the recaptured individuals did not gain fuel load during a period of stopover they most probably delayed their departure because of unfavourable weather conditions such as strong winds or rain (Akesson and Hedenstöm, 2000; Tsvey et al., 2007) .
Optimal departure fuel load is just enough to cover the distance to the next stopover site (Weber et al., 1998) . Carrying extra fuel reserves only increases the overall energy cost of transport (Schmaljohann et al., 2013) . In the case of the red-breasted flycatchers, it can be especially unfavourable because of the foraging ecology of this species that is specialised in catching insects in flight. Therefore, it builds up no large fuel stores even prior to desert crossings (Chernetsov et al., 2007) and applies a time-minimizing strategy during migrations by spending relatively short periods at the stopover sites. Similarly, the spotted flycatcher Muscicapa striata does not take on much fuel before crossing the Sahara, unlike most other long-distance migrants, which fuel up before crossing the Sahara and adopt an intermittent strategy without refuelling but pay the cost of transporting large energy stores (Schaub and Jenni, 2000) .
In conclusion, the Kizilirmak delta is a suitable stopover site for the red-breasted flycatcher, which is using the latitudinal migration pathway between breeding and wintering areas. A large disparity in migration volume between the seasons was found with autumn being the major season requiring the birds to stage at the delta. Furthermore, shorter times of passage and bigger fuel reserves carried by the birds in spring over autumn suggest a difference in strategy between pre-and postnuptial migration. This study points to Turkey as an area located on two important flyways used by Palaearctic-African and Palaearctic-Indian migrants. Nevertheless, knowledge about the migration of passerines across this region remains very limited and urgent further studies are needed to improve general knowledge and to provide a better understanding of the whole migratory system of movements of Palaearctic migratory passerine populations.
